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Abstract: A survey was conducted of the rust fungus
(;yrnnosporangiuni in Korea. We recollected previously
known species, namely Gymnosporangium asiaticwin,
C. clavarii/ortne, G. globosum, C. japonicurn and C.
yarnadae. Gymnosporangi urn nidus-avis and G. sahinae
are reported for the first time from Korea, and two
new species, C. mon.ticoia sp. nov. and C. unicorne sp.
nov., are recognized. Previous single reports of C.
rniyabri and C. shiraianurn could not he confirmed.
The LSU rDNA was sequenced from freshly collected
specimens. Phylogenetic analyses show that species of
Gymnosporang-ium form a monophyletic group with
strong bootstrap Support within the rust fungi. The
two new species are unique based on both A and B
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molecular as well as morphological characteristics.
Analyses of phenotypic characters mapped onto the
phylogenetic tree show that teliospore length followed
by telia shape and telia length are conserved; these are
morphological characters useful in differentiating
species of G'vmno. c/.sorartgiurn. Each of the nine species
of Cymnosporar glum in Korea is described and illus-
trated, and keys based on aecia and telia stages are
provided. l.ectotype specimens for several names
described iii Gymnosporangium are designated.

Key words: aecia stage, forest pathogens, LSU
rDNA, Piiccinialcs, systematics, lelia stage

INTRODUCTION

The rust fungi (Pucciniales) are important plant
pathogens affecting a variety of angiosperins and
gymnosperms, potentially causing severe damage to
agricultural crops and forest trees (Scott and Chakra-
vorty 1982, Swann ci. al 2001). Most rust fungi are
specialized parasites that attack only certain genera or
Species of host plants. Species of Gymnosporang-lum are
heteroecious, producing the aecia stage on leaves and
fruits of pomaceous hosts (Rosaceae) and the telia stage
on needles, green stems and branches of cedar
(Cupressu.c) and juniper (Juni/)rru.c) (Cupressaceae;
Kern 1973, Sinclair and Lyon 2005). Common diseases
caused by Cymnosporangium include cedar apple rust
(G. juniperi-virg-inianae Schwein.), European pear rust
(C. saliinae [Dicks.] C. Winter) and Japanese pear rust
(C. asiaticurn Miyahe ex U. Yamacla). Gymnosporangiurn
is distributed mainly in the northern hemisphere with
about 60 species of Gmnosporanglurn and 15 species of
Roesteija, the aecia anamorph of Gymnosporarigiurn
(Hiratsuka 1936a—f, 1942; Parmelee 1965, 1971; Hir-
atsuka 1971; Kern 1973; Hiratsuka and 1-liratsuka 1980;
Peterson 1982; Sato and Sato 1982; Wang and Lin 1985;
Lohsoinhoon et al 1990; Hiratsuka et al 1992; Lee and
Kakishima 1999a, b; Lee et al 1999c).

In Korea diseases caused by Gymnosporangiurn are
increasingly damaging because previously separated
alternate hosts are being planted close to each other
as landscape trees (Kim and Kim 1980). A number of
species attack economically important plants such as
apples. Species of Gymnosporangiurn, especially C.
yaniadae, are known to delay harvest of fruits by
inhibiting photosynthesis and increasing respiration
rate (Kim and Kim 1980). Some species of Gymno-
sporangium that attack economically important crops
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are not widely distributed; thus they are considered to
be of importance in the quarantine of plants (Smith
et al 1992).

Relatively little molecular sequence data exist for rust
fungi worldwide, and essentially nothing exists for
species of Gyrnnosporan .gium from Asia. In one study
analyzing the nuclear large subunit (LSU) or 28S rI)NA
sequences of 52 rust fungi, the three species of
G'mnosorangmiu, C. clavaru/arme, C. cor mnulu and
C. /icscnm, now regarded as C. sa/ilnar, formed a
monophyletic group (Maier et al 2003). In another
study with 18S and 28S rDNA sequences (Aime 2006)
two species of Cyinrwspora.ngium., C. cla.vipes and C.

pim/ri-virginianac, formed a unique lineage in the
Pucciniales distinct from the Pucciniaceae.

This paper reports the results of a Survey fir
Gymnosporangium in Korea, including a ke y, descrip-
tions and illustrations for the nine species encoun-
tered. Two new species ase described that are unique
in both morphological and molecular characteristics.
A phylogcny of the species from Korea is presented
based on 1.StJ rDNA sequence data and nmrpholog-
ical characteristics evaluated based on this pitylogeny.

\IATERI\1 .S ANt) M1:lHODS

Sa?npinig ad morphological examination and identification.—
One hundred thirteen te]ia and 78 accia specimens of
Gvmnosporangium collected by the first author in Korea
2001-2006 were identified according to Parinclee (1965.
1971). Kern (1973). Wang and Lin (1985), Hiratsuka ci al
(1992) and Lee and Kakishima (1999a, b). The specimens
are deposited at the I herbarium of Korea Forest Research
Institute, Seoul, Korea (l-IKF'Rl) ..Also many specimens
outside Korea were examined from the National Mvcolog-
ical Herbarium, Agriculture and Agri-Food C.anada, Ontario
(1)AOM), Canada Mvcological Herbariunn. Institute of
Microbiology, Academia Sinica, China (HMAS); Hokkaido
University Museum, Sapporo, Hokkaido, Japan (SAPA);
Herbarium of Forest Mycology and Pathology, Forest and
Forest Products Research Institute, Ibaraki, Japan (TFM);
and U.S. National Fungus Collections, Beltsville, Maryland
(BPI), abbreviated according to Index Jlerhariorurn.

Identifications were made based on the host plant as well as
morphological characteristics of the peridia, telia and
teliospores. Each species is described with the specimens
examined listed. Terminology for shapes and ornamentation
of aecia and tclia follows Kern (1973) and Cummins and
I lirat.suka (1983). Names of colors arc based on Kornerup
and Wanschcr (1978). Terminology for telia shapes follows
the definitions in Kern (1973). The stages of the rust life cycle
are indicated as follows: 0, spermogomuia; 1, aecia; It, urcdinia;
and III, telia. Scientific names of host plants are based on
Kcussmann (1985), Chang (1994) and Lee (1999).

Specimens were rehydrated iii distilled water 10-15 mm
at room temperature. Light microscopy was used to
determine morphological characteristics, such as shape

and size of peridirmmn and 1)emidial cells, shape, SI/C and color
of aeciospores and thickness of cell walls of aeciospores and
teliospores. Spores were measured from Specimens i'ehy-
drated and mounted in distilled water with a compound
light microscope (Axiopluot, Zeiss, Germany) at 400X. In
general 30 spores were measured for each specimen
(Parmasto and Parmasto 1987). Damaged, immature and
irregular teliospores and peridial cells were not measured.

Evaluation of/ella morphological characters.—Host relation-
ships and morphological characters were numerically
coded. Seven macroscopic and microscopic characters were
analyzed. Characters with their character states are provided
and n	 vnumerically coded (TABLE 111). The eolution ol each
phenotypic character was reconstructed onto the consensus
tree of most parsimonious trees based on I SU rDNA
sequences of the Korean species of G'vmn o.cpora ngwm. Fit of
each character to the tree was evaluated by a consistency
index (c) calculated with an algorithm in PAUP 4.0.

nnsistencv index was defined as c = outs, where rn

represents minimum amount of change that the character
may show on any conceivable Lice and s represents number
of steps requited by the character on the tree being
evaluated (Swofford 1993).

I)j\nil u'xli y ction, PCI? and sequencing.— total DNA was
isolated from mature telia by protocols modified horn those
of Lecellier and Silar (1991). Dried and crushed telia were
suspended in 500 tl - lvsis buffer (50 mM Tris-l--h(l [pH 8.0],
50 mM EDTA, 3% SDS). Telia suspensions were fis)/en in
liqund nitrogen I mm, incubated at 70 C For 2 inin and
vortexed at high speed I ruin. This process was repeated thiee
times. RNA was removed by 0.5 Ml RNase A (20 mg/nil,)
treatment at 37 C for 30 inn. DNA was purified by phenol,
phenol: chloroform and chloroform extractions. Purified
DNA was precipitated with I volume isopropanol and
collected by centrifugation at 12000 rpm 10 min at room
temperature. The pellet was washed with 70% ethanol, air-
dried, and suspended in 50 tit. sterile distilled water.

The D1/D2 douriain of the 28S rDNA was amplified with
the primer pair, forward printer No. 4 (5-AC-
CCGC1c;AAYFTAAG('ATAT-3') and reverse primer
No. II (5-CI(:CTTGGTC(GTG1TrCAA(;ACG(;-3') (van
(Icr Auuwera et al 1994). I'CR proceeded as follows: initial
denaturation at 94 C for 3 mm; 30 c ycles, each consisting of
denaturation at 94 C for 30 s, annealing at 55 C for 30 s,
extension at 72 C for 1 miii: final extension at 72 C for
10 min. PCR products were purified with Wizard PCR prep
kit (l'momcga, Madison, Wisconsin) following the mannulac-
tum-er's instructions. Nucleotide sequences were determined
with BigDye terminator cycle sequencing kits (Applied
Riosystems, Foster City, California) with the same primers as
used in PCR amplification. Sequences were proofread,
edited and merged into composite sequences with the
jPHYDIT program (Jeon et al 2005).

GenBank numbers for sequences of recently collected
specimens of Grnnosporangiurn from Korea are listed
(T.Atsl.F: I). Additional sequences included in the analyses
were obtained from GenBank, specifically C. clavarii/orrne
(AR426211), C. clavipes (DQ354545), G. corny/urn
(AF426210), C. juniperi-virginianae (AF522167, AY629316
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TABI,E 1. Specimens of G'mnosporangium species used in this study

28S rDNA
(;eiBaik
accession

Species name	 Specimen No.	 Tclia host	 Sampling date	 Location	 number

G. aszat,cum	 IIKFRI 1974	 Junipern.s chinensis L. cv.	 Mar 2002	 KOREA. GYE0NG;I: Suwon FJ848741
kaizuka

C. asiaticum	 HKFRI 1975	 Juniperics chinen.sis L. var.	 Apt 2001	 KOREA. GYEONGGI:	 Ff848742
sargentu Henry	Pochcon-gun

C. fl-viaticum HKFRL 1976 Juniperu.s chinensis L. cv. Api 2002 KOREA. SEOUL:	 Ff848743
kaizuka	 Yeongdcungpo-gu

C. asiaticum	 H KFRL 1977	 juniperus chinensis L. cv.	 Apr 2001	 KOREA. GYEONGGI:	 Ff848744
kaizuka	 Pocheon-gun

C. asia/lenin	 HKFRI 1978	 /unijienis chinenss L. cv.	 Apr 2001	 KOREA. GYEONGGI:	 F1848745
kaizuka	 Poclicon-gun

C. asiaticurn	 HKFRI 1979	 Juniperus chinenss L. cv.	 Apr 2001	 KOREA..) Fj t.': Jeju-si	 FJ848746
ka.izuka

G. asurticuin	 HKFRI 1980	 Juniperu.c ehinen.sis L. cv.	 Apr 2002	 KOREA. SEOUL:	 FJ848747
kaizuka	 \eongdet ingpo-gu

G. asiaticum	 FL1vFRI 1981	 Juniperus chinensis L.	 Apr 2002	 KOREA. (;YEcNGBU K: 	 F1848748
Gvcongjct

C. asiaticuin	 HKFRI 1982	 Juniperus chinensi.i var.	 Apr 2002	 KOREA SEOUl.:	 FJ848749
sargentn Henry	Yeongdeungpo-gu

G. asiaticurn	 HKFRI 2073	 /uni/erus chinen.sis L.	 Ar 2002	 KOREA. GANCWON:	 EF990780

G. asialicu iii

C. corn u turn

G. ja/3on 1CM in

C. japonicu in
C. J(ipOiIi(Uifl

(;. Japonicu in

C. japoil ZCU Di

C. /apunl CU in

C. japoni rum

G. japan icu in

C. japonicuin

C. japoiueun?

C. monticolci

C. inont,cola

C. unicorns

(;.

C. unicorn

G. yamnadne

LIKE RI 2074	 Juniperus chinensis L. cv.
kaiznka

HKFRI 2105	 Juniperus rigida Siebold &
Zucc.

HKFRI 1987	 Juniperus chinensis L.
Fl KFRI 1988	 Ju niperus chinensis L.
1 JKFRI 1989	 Juni/ieru.s clilnensis L.
HKFRI 1990	 Juitiperus chnensic var.

vlruenlii Henry
HKFRI 1991	 Jun i/,eru.s chinensis var.

cainhii IIriirv
I IKFRT 1992	 Juni/,erus rjiinens.c L.
HKFRI 1993	 Juniperus chinensic var.

horizon/a/ri Nakai
HKFRI 1994	 Juniperu.s chinensis var.

sargent/i I Ienry
FLKFRI 1995	 Juniperus chinensi.c var.

honzontalis Nakai
HKFRI 1997	 .Junipeius c/rinensis var.

glohosu Horn ihr.
HKFRI 1984	 Juniper-us rigida Siehold &

Zucc.
HKFRI 1985	 Juniper-us dida Siebold &

Zucc.
H KFRI 1971	 /0 niperus chnevsis var.

globosa Hornihr.
11 KFRI 1972	 Jo ii iperus chnen.sis vat-.

globosa Hornihr.
HKFRL 1973	 Jun iprrus chinensis var.

saigentu Henry
IIKFRI 1969	 Jun iperus chinenss L.

Mar 2001

Mar 2001

Apr 2002
Apr 2002
Mar 2002
Apt 2002

Apr 2002

Apr 2001
Apr 2001

Apr 2002

Apr 2002

Apr 2(02

May 2002

May 2001

Apr 2002

Apr 2001

Apr 2002

Apr 2002

Wonju (;at-voit-do
KOREA. (;YEON(;(;I:	 Ff848750

Pocheon-gun
JAPAN. HONSHU	 Ff848766

KOREA. JEIU: Jejit-si	 Ff848751
KOREA. JEJU: Jcju-si 	 F1848752
KOREA. (;YEONUGI: Suwon FJ84$753
KOREA. JEJU: feju-si 	 F1848754

KOREA. GYEONGBUK:	 F1559374
(;yeoigj ci

KOREA. GYEONUGI: Suwon F1848755
KOREA. JEf U: Jeju-si 	 F1848756

KOREA. JFJU: jeju-si	 Ff848757

KOREA. .JEJU: Jej u-si 	 Ff848758

KOREA. JEJU: jeju-si FJ848759

KOREA. SEOUL: Gwanak-gu FJ848770

KOREA. SEOUL: Gwanak-gu FJ848771

KOREA. SEOUL:	 F1848767
Dongclaenitcn-gu

KOREA. SEOUL:	 FJ848768
Di nigclaeinun-gu

KOREA. (:1-IUNGNAM: 	 F1848769
Cheonan

KOREA. (;AN(;woN:	 FJ848760
\Vonju
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TABLE I. Continued

28S rDNA
(;enBank
accession

Species name	 Specimen No.	 Telia host	 Sampling date	 Location	 number

G. )'amadae
	 HKFRI 1998

	
Jun ipenis c/iinensis L.	 Apr 2002	 KOREA. GYEON(;G1: 	 FJ848761

Suwon
G. Yamadar	 IIKERI 1999

	
Jun iperus chinensis L.	 May 2002	 KOREA. GYEON(;(;l: 	 FJ848762

Pocheon-gun
G. yarnadae
	 l-IKFRI 2000

	
Junijierus chinensis L.	 May 2001	 KOREA. GYEON(;(;l: 	 F1559375

Pocheo ri-gull
C. 3'(liflad(lP
	 HKFRI 2001
	

Jo niperus chinensis I.. 	 Apr 2002	 KOREA. SEOUL: 	 F1559373
\eongdeungpo-all

G. V(l?ilad(le
	 f KFRI 2002	 Jonipvnis chinerisis L. cv	 Apr 2001	 KOREA. SEOUL:	 F1848763

kaizuha	 \eongdermngpo-gu
G. va fl(Zd(te
	 I IKERI 2006	 JUfli/n'ros chin-ensis L. cv 	 Apr 2002	 KOREA. (;'tFA]NGGI: 	 FJ848764

/iazoka	 Bucheon
(. yarnadae
	 H KFRI 2007	 Jon iperus chinensis L. cv 	 Apr 2001	 KOREA. GYEONGUI:	 FJ848765

kazzuha	 Bucheon

and DQ354547), C. iibocedri (AF522 168), C. sabinae
(AF426209, AY512845) as cited in Maier et al (2003), Aime
(2006) and Aime cc al (2006). Coleosporium asleru m
(AF522 I 64), Poecinia coronala f. sp. avenae (AV1 14290),
Puccinia granonis (AF5221 77) and ('roinvees a/,pen(licolatos
(AF522182), also fiorn the GenBank database, were used as
outgroup taxa based on rust phylogen ies (Maicr et a] 2003,
Aime 2006, Aime ci a! 2006). The alignment has been
deposited as TreeBase SN4406.

Phylogenetic analysis.—T he 35 sequences obtained in this
studs' and 13 sequences retrieved from GenBank were
aligned by pairwise alignment function and manually
adjusted with secondary structural model of eukarvotic
LSU rRNA (de Rijk et al 1998) with jPH\1)IT. The most
parsimonious ti -Cc was obtained by heuristic search with
ThR branch swapping on starting trees generated with 100
random addition sequences using PAUP 4.0 lOb (Swofford
2002) Search settings were steepest descent option not in
effect, zero length branches were set to collapse to yield
polytosnies and MUI,TREES option was in effect. Bootstrap
values were evaluated by 1000 replications using a heuristic
search with simple addition sequences. TBR branch
swapping and MuI:rREEs in eflcc. A maximum likelihood
tree was obtained by heuristic search option using TBR
branch swapping with the TVM + I + C model, which was
deduced as the best fit for the data by AIC test with
MODELTEST 3.7 (Posada and Crandall 1998) Search
settings were the same as parsimony tree reconstruction,
except that \IULTREES was turned off. Bootstrap values were
evaluated by 1000 replications with the fast heuristic
algorithm. A neighbor joining tree was reconstructed
based on the distance matrix calculated with Kimura's two-
parameter model (Kimura 1980). Bootstrap values were
evaluated by 1000 replications with the same methods.
Bootstrap values for maximum parsimony (NIP), maxi-
mum likelihood (ML) and neighbor joining (NJ) analyses
are shown at the nodes.

RESULTS

Survey.—Rust fungus analysis yielded specimens of
G)'m-nos/)in'iuni from every province of Korea
(Ft(;. I and listed below in specimens cited). We
recollected five species, namely G-'vmnos1borangiurn
asiaticum, C. elavaruformne, C. giobosumn, C. japonicurn
and C. yarnadae. Several new aecia hosts for these
species are reported: C. asiaticurn on Pynts ussuriensis

FIG. 1. Geographical distribution of species of Gymno-
sporangi-um iii Korea. Symbols represent the locality where
each species was collected. (.) G. asiaticum, () C.
ciavaruforme, (..) C. globosu.nn, (Li) G. japonicum,
(A) C. monticola, (0) C. nidus-avis, (-c-) G. sabinae,
(PU) C. unicorne, (*) C. yarnadae.
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var. seoulensi.s, G. clavariifhrme on Crataegus pinnati-
fida and G. yamadae on Mains prunijhiia. Gymnospo-
rangium nidus-avis and G. sabinae are reported
herein for the first time from Asia. Gmvno.sporanginrn
iu/ns-avis was collected at two sampling sites Oil

juniperus chinensi.s, while G. sabinac was found only
once also on]. chinensis. Gymnosporangium globosum,
cause of American hawthorn rust, was reported for
the first time from Asia on two new host plants,
namely Cra/aegus pin natifida and C. pinnati/id(2 var.
major (Yuii Ct al 2008). Two new species, one of which
was mistakenly reported as C. cornuturn (Yun et al
2003), were discovered as described below. C. juniperi
Link (Hiratsuka 1942), C. rniyabei (Hiratsuka 1940)
and C. shiraianum (Park 1958) were not found
during extensive fieldwork or in any herbarium. The
name C. ;uniperj Link is considered a nomen
amhiguuni (Kern 1973). The distribution of Gvmno-
sporangium myahei and C. shiraianurn apparently is
restricted to Japan (Farr et al 2008). The host range
for the nine species of Gymno.sporangium in Korea is
listed (TthIr 11). A key to species of G'mno.cporan-
gium from Korea is presented, and each species is
described and illustrated below.

Evolution of telia host and morphological characters.—
The phylogenetic tree of Korean species resulting
from the molecular study was used to map tclia host
and morphological characters. Host and morpholog-
ical characters as a numerical coding are mapped on
the phylogenetic tree (FIG. 3). The consistency index
for each character is provided (FIG. 4). Among the
seven characters examined in this study, length of
teliospores had the highest consistency index (1.0)
(FIG. 4). Telia shape and length (0.7 and 0.4
respectively) had a relatively high consistency index
as well.

In distinguishing species of Cymnosporangium in
Korea, host relationships in the telia stage (TH)
(TABLE II) are only moderately useful. Gymnosporan-
gium monticola occurs only on Juniperus rigida, and
converselyj rigida was infected only by G. monticola.
All other species of Gyninosporant,rium in Korea occur
on the five varieties of J. chinensis. The position of
tclia (PT) was a relatively well conserved character
within Gmnosporangium. Gyrnnosporangium asiati-
rum, C. unicorne and C. yamadae developed on soft
tissues of trees such as green stems and leaves.
(;ymno.sporang-i urn monlicola developed on woody
stems and C. fri/ion/rum on hard tissues such as
trunks and branches. The shape of telia (TS) is
unique for two species. Gymnosporangium as,aticum
exhibits two different types of telia, namely (i)
aggregated, bluntly conical and (ii) aggregated,
conical, on witches' broom. The telia of C. unicorne

are always solitary but may be either hemispherical or
sharply conical. Gymnosporan.giurn yama.dae has two
different types of telia, small gall having cylindrical-
acuminate sori and big gall with tongue-shaped son.
Gtmnor/iorangium japonicum has wedge-shaped telia,
while those of G. monticola are fusiform with
applanate son. The length of the tclia (TL) is a well
conserved character in G. asiaticum, G. japonicum, C.
monhicola and G. wnicorne but highly variable in G.
yarnadae. (;ymno.sporangi?nn asiaticurn, C. inonticola
and C. unicorne have small (<3 mm) telia, and C.
japonicum have medium (3-6 rum) telia. Gymnospo-
rangium ya.madae telia are variable in length (1–
9 mm). The presence or absence of an apical pore in
the tcliospores was one of the least useful characters
included in this analysis. Gymnosporangiumjaponicum
shows consistency within the species in lacking an
apical pore, and C. monticola andl G. unicorn.e have
apical pores in all specimens. The other two species,
C. asialicum and C. yamadae, have teliospores with or
without apical pores. The teliospore wall color (TSC)
is variable in C. asiaticuin, C. Ja/Jonidum and C.
yamadae, which are generally pale orange to orange,
although one specimen of C. /apon.icum has light
brown teliospores. G. monticola has consistently
orange teliospores. Length of teliospores (TSL) is a
well conserved character. Gyinnosporangiurn asiali-
run.', C. u iizcorne and C. yamadae have small
teliospores (<48 pm), C. japon.icum has large telio-
spores (>18 pin), while C. inonticola teliospores are
37-60 pm.

Analysis qf I,SU rDNA.—Among the 745 aligned hp,
597 were constant, 62 were variable but parsimony
uninformative and 86 were parsimony informative.
Parsimony analysis resulted in 84 equally parsimoni-
ous trees with 249 steps (one of which is shown in
FIG. 2). Differences among equally parsimonious
trees were confined to relationships within species.
Consistency and retention indices were respectively
0.711 and 0.883. The phylogenctic analysis of
Gymnosporangium reveals that eight species, C.
asiaticum, C. cornutum, C. japonicurn, C. junipeii-
viiginianae, G. monticola, C. sa&inae (representing
the type species, C. fuscum), C. unicorne and C.
yamadae, form a well supported group with C.
libocedri basal to the other species of Gymnosporan-
gium. The 11 specimens of G. asiaticum formed a
monophyletic group with 79% bootstrap support.
Three specimens of C. unicorne grouped with 91%
bootstrap value and were distinct from C. asiaticum
with 6 or 8 hp sequence differences. The relationship
of G. asiaticum with C. unicorne was supported by
98% bootstrap value. The sequences of C. cornutum
(Germany, .Japan) from c;enBank showed a close
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relationship but were distinct from the similar
looking species from Korea that herein is described
as a new species, C. monticola. The two specimens of
C. monticola in Korea formed a moiiophyletic group
with stron g bootstrap support (96%). Ten specimens
of C. Japonicurn consisting of two genotypes and eight
specimens of C. yarnadae, all of' the same genotype,
formed a monophyleuc group, both with strong
bootstrap support (100%). Bootstrap values from
the maximum likelihood analyses showed strong
support for each species: 100% for C. ja/ionicu m,
94% for C. monticola, 8% for 0. unicorne and 94%
for C. yamadae.

DISCUSSION

Among the nine species of Gymno.spomngiurn. in
Korea, three, specifically C. asiaticum, G. japonicum
and C. amadae, are common and widespread
throughout Korea as well as the rest of Asia.
Gymnosporanriu In asiaticuni is considered it potential
threat in the United States because of the damage this
species can cause to pears and other rosaceous plants
(Cline and Fart- 2006). For man y decades this species
has been found in the United States on imported
nursery stock, often of jun/pci-us c/unensis and Pvrus
p'f ri/olin, both Asian plants, and once in Europe
(Blasclale 1919; lIotson 1925; Hunt 1926; Greene
1968; Shaw 1973; French 1987, 1989: Henderson
2000). However no evidence suggests that C.
asiaticum has been established outside Asia. Gyinno-
spolY!ngHi in Japonicum also is reported occasionally
from USA, in most cases on juniperus chinensi.s stock
(BPI 854937 and BPI 854938) imported from Japan in
Connecticut. G-'mrwsporaniurn yania Inc has been
reported on landscape trees, Malus toringo. in USA
(Yun et al 2009). This rust can attack cultivated apple
(Mains domestica) (Anonymous 1995).

Four species of C'vmnosporangiuin are f'ouiid only
rarely in Korea but are widespread elsewhere.
Ginnospoiangium clavaruJoiine is common in North
America and Europe ([aunclon 1977a); however it
has been reported rarely iii Asia, specificall y China
(Tai 1979), japan (Kobayashi 2007) and Korea
(Spaulding 1961). This species was found only in
two locations in Korea with aecia and telia stages
Occurring on native Asian hosts. Similarly Gyrnno.spo-
rang/urn giobosurn, cause of American hawthorn rust
known primarily in North America (Kern 1973, Farr
et al 2008), was discovered in Korea on the native
Asian hosts Crataegus piiinatifida and C. pinnatijida
var. inn/or (Yun et al 2008). Not known elsewhere in
Asia, this rust species poses a threat to rosaceous
hosts. The telia state of C. globosum on Juniperus has
not been discovered in Asia. Gpmnosporang-iurn nidus-

avis was collected at two sites on J. chinensis and
represents a new record for Korea. Widespread in
temperate North America, the most. common aecia
host is 4meianchierspp. (serviceberry) and thus is not
as potentially damaging in Korea as other species of
Gvinnosporan.giurn. Another new record for Korea,
Cinnosporanium sabinne, was fowici only once on

juni/n-rus chinensis. This species causes European
pear rust and is widespread in Europe, rarely reported
in North America and recently recorded in north-
western China (Zhuang 2005).

The two newly described species iii Korea, G.
mont/cola and 0. un/come, might have been mistak-
enly identified as other known species. Specimens
described as the new species C. monticola were
reported front Korea as C. corn y/urn (Yun et al
2003), a rust species widespread iii northern temper-
ate regions (Kern 1973, Fair et at 2008). Gvrnnospo-
raflgiu In monticola is phylogeneticallv distinct from C.
cornutum, and the morphological differences be-
tween these species are discussed below (TAXONO-
MY). Aecia and telia stages of0. mont/cola were found
on native host plants in Korea. C. un/conic is
morphologically similar to G. tislailcum, and these
species might have been confused in the past.

Several characters, especially teliospore length and
telia shape, are useful in discriminating among
species of Gumnospoiangium. Teliospore length is a
character traditionall y used to define rust taxa (Kern
1973), and the consistency index of 1.0 confirms its
usefulness. lelia shape is also an important character
that has been used in defining species (Kern 973)
Telia shape is variable for C. asiaticu m, C. unicorne
and G. u'amadae however the variability within each
species is unique. Another traditionally used charac-
ter, telia host, was only moderately useful in distin-
guishing species of Gymnosporarigiu,n in Korea,
probably because so many species occur on varieties
of Ju niprrus chinensis.

The results of our phylogenetic analysis of
C'rnnosporang-iurn for eight species of Gymnospo-
rang/urn are similar to those of Aime (2006) and
Maier et al (2003), who respectively include two
and three species. All studies show that C. sabinac,
the type species of Gymnosporangiurn, fills among
the other species and C. libocedri represents a basal
species.

TAXONOMY

A key to the nine species of (ivinnosporangiurn from
Korea is provided below. This is followed by a brief
description of each species based primarily on
specimens from Korea, although some reference
specimens also have been examined. Hosts from
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TABLE II. Host range of Gy7nnocporanglum reported in Korea

Species name	 [lost plants species	 References

Cupressaceac

G. (tcuilieu)n	 Juniperus chinensi,s L.

J. elurtensis L. var. sargenti? 1'Ienry
/. chine'nsis cv. kaizu/ia

G. clavarzi/orme	 Juniperus rigzi/a Siebuld & Zucc.
G. japonieui'n	 juniperus c/unen.ci.c L.

J. chinensis L. var. horizon talis Nakai
f. chinensis L. var. saigentii A. I lenry

J. chinensis L. var. glohosa I Iornihr.
G. 7flOflhiCOla	 Junipe'rus rigida Siehold & Zucc.
C. unu'orne	 Juniperus chinensis L. var. giobosa Hornibr

J. ,'hinensis L. var. sargenlii A. Flenry
G. yamadue	 Ju niperus chinensis L.

J. chinensis L. cv. kaizuka

Rosaceae

G. asialieurn	 Chaenorneles Japonlea (Thunb.) LindI. ex Spach
C. spPcWsli (Sweet) Nakai
Malus toringo (Siehold) Siebold ex de Vriese
Pseudocsdonia sinensis (Thouin) C. K. Schneicl.
Pourtlunea villosa (Thu nb.) Decne. var. lae,'s

(Thunh.) Stapf
Pho/inia villain var. brun nea Nakai
Ptrus communis L.
P. fauriei C. K. Schneicl.
P. pyrifoha (Burns. f.) Nakai
P. /iyrifolia (Burm. F.) Nakai var cu/to (Makinu) Nakai
P. seoulrnsis Nakai
P. .s,nenszs Lindl. var. cu//a MAK.(Nashi)
P. ussuriensis Maxim.
P. ussuriensis var. seouiensrs T. Lee

C. clavarii/orme	 (7rataegus pinnatifida Bunge
C. pinnatifida Biinge var. /.'silo.sa C. K. Schneid
Sorbus am i/o/ia (Siebold & Zucc.) K. Koch

C. g/obosu m	 Crataegus pinnsti/ida P'unge
C. pinnate/ida Bunge var. major N. E. Br.

G. japonicum	 Photinia villosa (Thumb.) DC.
P. villosa var. brunnea Nakai

C. juniperi	 Pyrus p'njoiia var. cu/ta Nakai
Sorbus sp.

C. miyabei	 Srrlsus alniJblia (Siehold & Zucc.) K. Koch
C. monticola	 Sarbu.s' aln/olia (Siehold & Zucc.) K. Koch
C. shi raianum	 Not described
C. unicarne	 Cra/aegus pi inn/i/ida Bunge

Choenomeles .sperioso (Sweet) Nakai
Pspudortdonia sinensis (Thouin) C. K. Schncid.
Prus p's:riJolia (Burnt. F.) Nakai var. en/ta (Makino) Nakai
P. ussuriensis Maxim.

C. yamadae	 Malus baccata (L.) Borkh.
M. halliana Koehne
M. prunifolia (WilId.) Borkh.
1(4. pumila Mill.
54. puenla Miller var. dulrz,vsima Koidzuini
Al. manc/shurica (Maxim.) Kuni. CX Skvortsov
Al. lorengo (Siebold) Sicl,old CX (Ic Vriese

'I-liratsuka (1935), "Yun Ct al (2005)
"Korean Soc. Plant Prot. (1986)
"Yun et al (2005)
`Hiratsuka (1935), "Present study
"Yuri 	 al (2003, 2005)
"Yun ci al (2003, 2005)
'Yun ci al (2003)
`Yun et. al (2003)
"Yiin ci al (2005 as C. corn atom)
"t'ILII ci al (2005 as C. asiaticum)

et al (2005 as C. asia/icum)
'1 liratsuka (1935)
"Yun et al (2005)

'Kim (1963)
'Park (1961), hYun et al (2003)
'Park (1961)
'Park (1961), '"Lee and 1Am (1984), 5Yun et al (2005)
'Hiratsuka (1942)

'Park (1958), 'Present stud',
"Kim (1963)
"l-Iiratsuka (1942)
'Chung et al (1977)
'Park (1938), 5 lee and Lint (1984), 5Yun et al (2005)
'Iliratsuka (1942)
"Hiraisuka N. (1935)
'l-liratsuka (1942), "inn ci al (2005)
'Present study
'Present study
'Chung et al (1977)
"1 liratsuka (1940)
"Thn ci al (2008)
"Ynn Ct al (2008)
`Yun ci al (2003)
"Yun et a] (2003)
"Korean Soc Plant Pint (1986)
"Iliratsuka (1942)
'Hiratsuka (1940)
"Yun et al (2005 as C. ran /urn)
"Park (1958)
"Yun ci a] (2005 as C. asia/ieu?n)
"Vim et al (2003 as C. a,na/,eiun)
"Vun Ct al (2005 as C. asioticum)
"Vun ci al (2005 as C. asiaticurn)
"Ynn ci a] (2005 as C. asia//earn)
'Hiratsuka (1940), "Present study
'Hiratsuka (1942)
'Present study
'lakimoto (1916), `L cc and Lint (1984), 'Yun et al (2005)
"Takimoto (1916)
"1-li ratsnka (1940)
"Yun et a! (2005)

Host range studies were conducted by: ' plant hosts confirmed by fungi collection growing under natural conditions; "plant
hosts confirmed by artificial inoculation.
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TABLE III. Characters with character states used in
data matrix

A.	 lelia host (TI 1)

I: Juni/)erus clilnerisis L.
2: Juniperus chinensis L. cv. kaizuka
3: Juniperus chinensis L. var. sargenlii Henry
4: funiperus chinensis L. var. horizonfrilis Nakai
5: Juniperus c/unensis L. var. globosa Hortiibr.
6: Juniperus rzgida Siehold & Zucc.

B. Position of telia (PT)

I: trunk: 2: branch; 3: wood y stems; 4: green stems: 5:
leaves

C. Telia shape (TS)

I: solitary, hemispherical
2: solitary , sharply conical
3: aggregated, bluntly conical
4: wedge
5: aggregated-conical on witches' broom
6: small galls (1-3 mm), sori cylindrical-acuminate
7: large galls (5-9 mm) . son tongue
8: fusiknn, son appIan ate

I). Telia length (TL)

<3 Into; 2: 3-6 mm; 3: >6 mm

In Apical pore in teliospore (APT)
I: yes; 2: no

F Teliospore color (TSC)

pale orange; 2: orange; 7: light brown

G. Tel 6 wporc length (TSL)

1: <48 pm; 2: >48 pill

Korea are listed and summarized ('FABLE II). The
worldwide distribution for each species is noted.
General references on Gyninosporan,gium, such as
Kern (1973), Fliratsuka et al (1992) and Farr et al
(2008), should be consulted for a complete list of
hosts for each species.

KEY TO SPECIES OF C LYGSPOIM.VG/t 'ti IN KOREA BASED

ON TELL\ STATE, ALL ON /UVJPERLS (C(I'RESSACEAF)

Telia on Juniperus rigula anti its varieties,
caitlicolous ............................2
'I'elia on juniperus chinensis and its varieties,
foliicolous or caulicolous ..................3
2(1). Telia solitary, applanate on pulvinate;

teliospores dark brown, broadly ellipsoid,
36-63 X 16-29 pm.......... C. mon/leo/a

2(1). Telia aggregated, long fusiforni; tclio-
spores pale orange, narrowly fusiforin,
38-99 X 13-23 pin ........ C. clavarii16rme

3(1) 'I'clia on small or large galls; teliospores ellipsoid
or ohovoid, 31-56 X 15-28 pm ......C. yamadae

3(1)
	

Telia not on galls........................4

4(3). 'l'c'lia caulicolous ...................5
4(3). l'elia foliicoloiis or on young, green stems ...7

5(4). Telia developing on hisiform swellings or witch-
es' broom of woody Steins..................	 6

5(4). 'relia not distorting woody stems or branches,
irregularly wedge-shaped, 3-6 mm high X 2-

miii wide; teliospores ellipsoid to long-ellip-
soid, pale orange to orange, rarely light brown,
36-70 X 13-22 pin..............	 C. japon icu in
6(5). l'elia causing flisiform swelling, conical or

tongue-shaped, 4-7 turn high; teliospores
ellipsoid, brownish orange, 38-51 N 19-
25 pm .....................C. 50/1mb?

(i(S). Telia causing lusifortn swelling or witches'
broom, hemispherical, 2-5 in mu high-,: Ic-

liospores ellipsoid or ovoid, pale brown,
known as orange peel based on Korneruip
& Wanscher (1978), 41-55 N 1$-
26 pm ...................(;. nh/us-avis

7(4). lelia developing on witches' broom, aggregated,
variable in shape, bluntly conical, hemispherical,
pulvinare, or somewhat wedge-shaped; iclio-
spores broadly to narrowly ellipsoid. 31-54 N
15-27 pill .....................0. asia/ira m

7(4). Telia not developing on witches' broom, solitary,
hemispherical to sharplyarplv conical: tcliosporcs
fusiform, 31-47 N 15-23 pin ........C. unirorne

KEY TO SPECIES OF CYMNOS/'OIhINCIL?vI IN KOREA BASED

ON AECIA STAGE. ALL ON ROSACEAL

I lost: Aecia mostly on (haraorneI,c, Cmiaegusind Pyi-us . . .
1.	 Aecia splitting above and becoming lacerate ....2

Aecia not splitting ........................7
2(1). Aecia 3-7 snot high; periclial cells nlioni-

bi tid. 39-1M Pill long; aeciospores gb-
hose, large coronate, 17-25 N 15-
22 pm ................... C;. asia/icum.

2(1). ,Aecia 2-4 mm high; peridial cells linear-
rhomboidal, 60-90 am long; aeciospores
globose or broadly ellipsoid, small coro-
nate, 19-27 N l6-20 pm .....C. giohosum

Note: Distinguishing C. asia/no in from C. g/oho.su in

based on the aecia stage is difficult and requires
SEM observation of the surface of periclial cells and
aecio5poi'u's.

3(1). Pcricliuuni (ontitite, narrowing at apex, 1-7.2 unit
high; p:nidial cells rhomboid, 33-81 pm long;
aeciospores irregularly gbohose, large coronare,
14.5-24 N 13-23.5 pin .............C. anicorne

3(l). Peridiuni tubular. 0.5-1.8 min high -,1; peritljal cells
long, narrow. 83-125 pill: aech)spores globose,
echinulate, 22-32 N 19-28 put ....C. c/avarii/orrne

Host'. Ac cia mostly on Ma/its, pcndium elongated,
corniuied, 2-5 inns high, peridial cells with long
papillae, 63-102 pm long ............. C. 'antadae

Host: Aecia mostl y on Photinia, periclitmmii tubular,
penidial cells with short papillae, 62-117 pni
long ..........................C. japonicum
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('oleo.vpurirrrnasterumnTDB 1 464 )AF5 221 64) )(:sA)
Uromnyceaappendicrdrstrrs (AF5 22182) (lISA)

Pace/nb co,'rmnerrr, Esp. avrerae 93MN437) AY I 14290)(USA)
- Prrcci,r/u p mr/n/s )AF522 I 77)) USA)
Gr'mmo,rporrrmrgirrnr //berr&Ir/ )AF5221 68)) USA)

C,vmnosporangium cornrrlamn ) A1-42621 0) (Crennrre))

	

8. 1,96	 GI-m-9r,mrnngiiufl corn ntwn 1 IKFRI 2105 )Jaçenl

93,i9 2 1/1 ng 4%) Urmnosporarianjrrrarer'i-rirg'rinriri)e ( AFS 22167) (USA)
 Gr'mnosporangiwnjunipx'ra-vrrgrrurrnrw I DQ354547))USA)

Grrn,rosporangiwrrju,riperi-v/r'g/n/urros' ) AY62931 (r)(USA)

=F86o	
Grrnrrosporang/rrmsab/nae )AF426289))6emrnlv)

Gr'rnnosporangnmr sabinac' (AYS 12845) (Gemrany)
Grrnnoolrorangtwnjaponicunrl IKFRI 1987) K(,rea)
Grrnno.sporang/umjaponicrunl IKFRI 1988) Korea)

* * 77 Ornrrwspowngrrmrjuponierwr HKFRI (989 (Korea)
(S-nrrroaperrongirvnjapon/annl IKFRI1990(Korea)
Us rrIrrOSp or(Jflgir) r?r /uporrr*mrrn HR FRI 1991 (Korea)

(00-100. 100	 U'-o,no*-porrjrrgiu,n /upon/*mmr IlK FRI 1992) (Korea)
Gvm,rospornngirunjopxmicaarrr II KIRI 993) Korea)

Chnrnosporrrngirun /apon/c'rrml IKFI4J 994) Korea)
- .	 Gvnrnosporangirmrjaponierrnr I IKFRI 1995) (Korea)

)r6-)O 60	 Grrrr,rosporangiwnjoprorisrrnr I RI-RI (997) Korea)
Grnrnospora;rgrwnraunadcre I IKFRI 1969 I K(,rea)
(ai'nrnospororrpiuerrianrrdsrc 1 IKFOJ 1998 (Korea)
I rr-rnrroqror-angirrmn vornoda*' I IKFRI (999 ( Korea)

70- 79:96	 1 ir-rrrrwspor*rng/rrnr ra,r,wd*re I IKFRI2080 (Korea)

10)94 1101
(rrrnrrosporangiuinvcvnadoe I IKIR12 (I))) (Korea)
Ur-rrrrroaporopgsrrmrmrnirr/ire I 1KFR12092 ( Kowa)
(irnrrrosporo;rgirmrvcrrrasrririe I IKFRI2006 (Korea)
rrr,rrrri,porangr,,rrr-rrorsrdra' 1 IKFR12807 ( Kowa)

)ivrrrrrrlsfrorang/rInr nron)ico)oI IKIRI (90 .)) K(rroa)
96:94(00 Unrrwuaiorwror4nr nro,rI/cIo 1-1K 1011985) Krrrmr)
91 8098	 Grmrrospororrrgiwn urrico,,re I IKI-RI 1971 (Korea)

Gvnrrro.rporurrgirrm urricorr,e I I KFRI 1972(Korea)
8.80/9 (ir'nrrmooprornrrgirwr rrrr/c'crrnc IlK FRI (977) Korca)

Grnrrrrasporarrg/rrm cr.riaiicrrm IlK 1:1(11974 1 Korea)
Gr-nrrro.rporurrgiron os/wis-rurr ) lid- (UI 975 (Korea)

10094 99 9894(10) Gr:nr,rrasporang/rrer arialicrrrrr I IKI-RI 976 (Korea)
(irr,rrro.rporurrgirrrn crs/crl/srrrrr I ReF UI 977 (Korea)
Gr,,rrrsrsporong/rrnr crsiulicron I IKF ((411)78 ( Korea)
IJr-rrrrrcraporungirrnr *r.ouricrrrrr II KI 011979 (Korea)

-	 79.* 100 (3: r,rrroapor'ang/w,r os/imriss,rrs Ilk FOIl 9%)) (Korea)
Urr,rrroapora,rg/ra,r os/crr/s,orr H K FR 1198) (Kowa)
(Jrrnrroaporrs,rgirwr rrs/rrr/sr,rrr H K FR 1)982 (Korea)
Grr;rrrosporongiwrr rrsirrrir,rr,r H K FR)2073 (Kowa)
(irr,rnoaporong/rsnr srs/rrricrr,rr IlK) 1812)174 ) Korea)

- Grnr,rrr.rjorungirenr elmorriforme )AF4262 II)) Genim:mv)
Urnrrrrraproarrrgirrrn c/rrs')rres )0Q354545 ISA)

F'I(;. 2. One of the 84 equally parsimonious trees of 28S rDNA sequences. 'Thick lines represent branches conserved in all
three analyses. Bootstrap values higher than 50 are indicated at hi'anchcs as follows: MI'/ML/NJ.

Host: Aecia mostly on Sorbws, peridium cornute, niptitr-
ing at apex, becoming lacerate, peridial cells with
short papillae, 48-101 pm long ........... (i onontu'ola

DIAGNOSES, NOTES AND SPECIMENS EXAMINED OF

(;y\4,,\TOSJaOJ,\,JGJ(.I IN KOREA

G-innosora-1gi-um asiatic-urn Miyabe ex G. Yamada,
Shokuhutse Byorigaku (P1. Path) Tokyo Hakubunk-
wan 37(9):304, 1904. FIG. 5
= G'pnnosporangium haraea-rzurn Syd. & P. Syd. 1912.
= Gmnnsporangi-i.im SfIiflh/erUm Syd. & P.Syd. 1912.
= Gyn nospomngz-uin chinen,se Long 1914.
= G'vmnosporangiunl horeaense (Henri.) H.S. Jacks. 1916.

Aecia foliicolous and caulicolous, hypophyllous, 3-
7 mm high; peridiurn tubular, lacerating at apex or
spreading. Peridia cells rhomboid, 39-1103 pm long, outer
walls smooth, inner walls small papillate and side walls
moderately rugose; aeciospores globose, large coronate,
17-25 X 13-22 pm, walls yellowish, 1.0-2.0 gm thick.

Telia foliicolous or on green stems, developing on
witches' broom but without causing swelling on stern,

aggregated bluntly conical, hemispherical, pttivinate
or somewhat wedge-shaped; 2-4 mm high, brownish
orange; teliosporcs 2-celled, broadly to nari'owly
ellipsoid, 31-54 X 15-27 pm (L:W = 2.3), walls
1.0-2.5 pm, pale orange to orange, pores I or 2 near-
septum or 1 apical in tipper cell.

Disease. Japanese pear rust.
Hosts in Korea. 0, 1: (]Jiaenontele.s .spedosa (Sweet)

Nakai, P,s-eudoydonia sinensis (Thouin) C.K. Sclineid.,
Pyrus /vrifoiia (Burm. f.) Nakai var. culta (Makino)
Nakai, P rrus ussuriensis Maxim., P. ussuriensis var.
seoulensls T. Lee. III: Juniperus chinensis L., J. chinensi.s
cv. kaizuka

Distribution. Common in Asia (China, Japan, Hong
Kong, Korea, Taiwan); reports from the IJSA and UK are
based on imported nursery stock. This rust species has
not become established outside its native range in Asia.

.Specimens examined. CHINA. BEIJING: on Pyrus betu-
iae,/()lia, 5 Jul 1930, HMAS 08634; 13 Jun 1958, HMi1S
25370 on Pseudoydonia sinensis, 2 Jun 1933, HMAS
14328; on Chaenomeles speciosa, 13 May 1977, JIMAS
37073; 22 May 1977, HMAS 38642; on Pyrus ussu-riensis



P gram/n/s
G. un/come HKFRI 1971
G. un/come HKFRI 1972
G. un/come HKFRI 1973
G. as/aticum HKFRI 1974
G. as/at,cum HKFRI 1975
G. asiaticum HKFRI 1976
G. asiaticum HKFRI 1977
G. asiaficum HKFRI 1978
G. asiaticum HKFRI 1979
G asiat/cum HKFRI 1980
G asiat/cum HKFRI 1981
G. asiaticum HKFRI 1982
G. asiaticum HKFRI 2073

.
• mont/co/a HKFRI 1984
• mont/cola HKFRI 1985

japon/cum H1I 198
G japon/cum HKFRI 1988
G.japonicum HKFRI 1989
G. japonicum HKFRI 1990
Gjapon/cum HKFRI 1991
G.japonicum HKFRI 1992
G japonicum HKFRI 1993
G.japonicum HKFRI 1994
G japonicum HKFRI 1995
G.aon/cum HKFRI 1997

. yamactae HEr1e
G yamadae HKFRI 1998
G. yamadae HKFRI 1999
G. yamadae HKFRI 2000
G yamadae HKFRI 2001
G. yamadac HKFRI 2002
G. yamadae HKFRI 2006
G. yamadac HKFRI 2007
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TH	 PT	 TS	 TL APT TSC TSL

FIG. 3. Variation of host relationships and morpholo gical characters nit parsimon y tree of 28S rDNA sequences. This is a
strict consensus lice of three equall y parsimonious trees. Abbreviations: Tfl, telia host; PT, position of telia; TS, telia shape;
TI,, telia length: APi', apical pore in teliospore; TSC, uliospore color; TSL, teliospore length. (Character states are listed and
defined in 'FABLE III.)

FIG. 4. Consistency index of host relationships and
morphological characters based on the pat'sttnony tree
(FIG. 3) . Abbt'eviai ott s: Il-I, telia host: PT, position of telia;
TS, telia shape: II., telia length; APT, apical pore in
teliospore: TSC, teliospore color; TSL, teliospore length.
(Character states are listed and defined in TAISIt: III.)

var. seoUlensIs, 25 Apr 1951, 11/WAS 22176. on Ppvs pyrijolia
var. ctifta, 7 jul 1973, IIMAS 38645; on P'rus /ip7jblia var.
nub, 27 May 1980, HAMS 41573. JAPAN. on Juni/wou.s
c/u/len os var. procumbens, Apr 1979,  ThM 4948. KOREA.
CH UNURLIK: Roeun-gun, on J'seudortdonm s/rlens/,s. 15 _1111
1999, K'uoung lice Kim, 1JkTRI 751; on Pyrus ussuruensis, 15
Jul 1999, Kvoung Hee Kim, HKIRI 743; Cheongjut. on
(Jiaeiuomeies spec/nsa, 14 Jul 1999, Seung K3u Lee, 1-1K]!?!
218; Jecheon, on juinperns rhinesu.sis, 14 Apr 2000, .Seung
Kite Lee, 11KER1480 14 Apr 2000, K'soungHee Kim, HKI'Ri
479. CHIJNGNAM: Piu.iveo-gun, on junipene.s c/iiueo.sh, I
May 2000, Seung Kyu Lee, 11K/il 495; on /uniperns
chinensis, I May 2000, Kyoung Hee Kim, HKFRI 495:
Cheonan, on (Y/uaenomele.c .speciosa, 14 Jul 1999, Koung
Ho, Kim, IJKJ"I?J 217; on /'seeuloslonia sineeusis, 14 Jul
1999, A3 oung lice Kim. IlK/RI 243, 11A7'Rl 247; Clteon-
gyang-gun, on Psendortdonia sinen.sic. 13 Jul 1999, Kyoung
1-lee Kim, 1-JKEJiJ 241; (ongjtu, on Pseudoc'donia sinensis. 12
Jul 1991, Seumug Ku /.ee, 11K7RI 75Q on P.vendocydonia
.sinensis, 12 Jill 1999, Seung Kyu Lee, HKFRI 240;
Hongseong-gun. on Ps'rus ussu.rien.'is, 13 Jul 1999. Seung
KTu Lee, I-/K/Ri 742. Cl-IUNGIItTK: Muujtu-gutn, onJueniperus
chii ens-us, 30 Apr 1999, Kmoung Hee Kim, HKJ"R/ 2011.
(;ANGW()N: Donghae, on Pseculoridonia sluensis, 12 Jul
2002, I-lye Young Fun, 11KFRI 2948; Tn,je-gun, on PyOiS

ussunensis, 22 Jul 1999, Kvoung Hee Kim, TIKE//I 746.
(;YEON(;GI: Rticlieon. on (.'/moennmneles specinsa, 2 Aug.

k
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Fi; .5 .1ac 1ouoptc and IIuuscopic features ol Gy mnosporang,um a.siatieu,n, C. rlava?-iilorinr aiul C. sab,,ae. A-F.
(ymnos/o)angilu/ a.su,i,runi. A. Telia (aggregated, bluntl y conical) on /unipuu.sei	 (/uw pnOs cv. iwizuka (lLKFRJ 1974). B. Tclia
(witches hrootii ) on /. chillensis cv. kaizuka (H KERI 2074). C. Ieliosja)res (I IKFRI 1974). 1). Aecia on P''ruv pvri/Iia var. cufla
IIKERI 203-( .). F.\c((t mi 1'. ii	 i,'ni.s (I IKFRI 26). F. Suit'facc truRttttc	 ui P. /vii/afia \a r. ufla (1 lKFRT
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2001, I-lie Young Yun, HKFRI 2032: on juniperus e/unen.us
cv. kuizuko, 24 Apr 2001, i've Young You, IIKERI 2013; 13
Apr 2001, Hie Young Fun, HKFRI 2008; 20 Jul 2002, He
Young Fun, HKJ'RJ 2029, Gwacheou, on juniperus e/unen-
sis, 15 Apr 2000, Seung Kin Lee, IIKER! 1781; 19 Apr 2001,
Seung Ku Lee, HKFRJ 2010: lIKE!?! 2015; Pochr'oii-gun,
onJunjperus ehinencis, 4 May 2000. Kyonng Hee Kim, IIKERI
436: onjuniperns chinensis cv. kaizuku. 28 Mar, 2001. l-le
Young You, HKJ'FJ 2074: Suwon. on (Ihoenomeles .spe7osa,
26 Jun 2001, !J'e Young Fun, I1KFRI 2030: on Jo niperus
eh,'nensis, 10 Apr 2000, Seung Kin Lee, HKJ}J 2017: on
Junipern.s clunensis cv. ka,zuka, 25 Mar 2002. l-Jie Young
Fun, !IKFJ?J 1974; Lijcongbu, on Pcendoevdonia .siiien.sis.
19 Jun 1998, Senug Kin Lee. i-lKlRJ 755. GYEoN;lUK:
Andong, on Jo Fn/,erns c/nnens,'.s, 14 Apr 2000. 1-I1"FR1 458:
on Pseudocydonm sinencls, 25 Jun, 1994, Seung kin Lee,
i!KJ"R.i 236; Gveongsan, on Jun'pei'us chinensis, I) Apr
1998, Seung Kin Lee, HKI"RI 1135: Yoongdcok-gnn. on
Juniperus ch,nenus. 14 Apr 2000. Senng Kin Lee, lIKE//I
481. G\FONCNA\l: Giniliae, on Pseudocydonia s,nens/c, 21
Jul 2002, IJie Young Fun, LIKER! 2909, I-IKI"RJ 2033:
Jinhac, on (]/iaeno,ne/cs vpec?osa, 1 Aug 1984, Smug Kin Lee,
JIKERI 223: 1-IKE/Il 224;1Jill on Jnniperus chinen us. 3(1
Apr 1999, Senng Kin Lee, JIKER! 430. INCHFTON: \;nn-gii.

On/unh/erns d,inen.%i.v, 14 Apr 2001, lIve Young inn, i/K/-I/i
2009. JFTJU: Jeju-si, on juniperu	 ns cluensis cv. kazuka. 13
Apr 2001, IJie Young Yun, HKI"RJ 2012. JEONRUK:
Gochang-gun oni n Juniperus chinenus, 20 Apr 2000, Seung
Kin Lee, HP2'RI 483: Inisil-gun, on Chaenome/es speciosa. 29
Jun 1999..eung Kiu Lee, lIKE!?! 225: on I irus ussuriensis
11 Jini 1987, Seung Kin Lee, 11KEhJ 738: 24 Jun 1988, Seung
Kin Lee, HKI'RI 739, Jcoiiju. on Junipernc (Innens's, 20 Apr
2000, Se;tng Kiu Lee, HKJ"Ri 452: on Juniperus chinensis. 20
Apr 2000, Kvoung Flee Kim, 1IKTR1 466. JEONNAM:
Sunchcon. on (]haenoim'les speciosa, 11 Jul 2002, lIve loon
Yin, HK1'1?J 2937. SEOUL: Dongdaeniuii-gu, oil C/1(ieno-
me/is speciosa, 6 Jun 1986, [lye Young Yun, PIKE//I 229, on
Chaenomeies speeiosa.5 Jun 1986. Kvonng i-lee Kim. HAIR!
222; on Pseudocy'doniasineisis, 28 jun 1999, .S'eung Kin Lee,
HAT/II 238; on Pseudocidonia. sinensis. 6 Jul 1999, Seung
Kin Lee, HKI'RJ 239, on P',eudoeidonia s,nensi.v, 18](11 1995,
Kioung flee Kim, lIKE/If 871: 2 Aug 1996, Senng Kin Lee,
HKTRJ 72; SJul 1999, Kionng Hee Kim, HKERI 1140: on
P'rns nssnnensis var. seoulens .s, 5 Jun 1996, Seung Kyu Lee,
PIKER! 760: 28 Jun 1999, Kioung [lee Kim, HKFRI 761: on
junipemus chinensis, 2 Apr 2000. .S'eun ,g Kin Lee, HKJ"RJ
2016; 24 Apr 2000, Seung Kin Lee, JIKERI 497; onjunipenms
c/u riensis cv. kaizuka, 4 May 1996, Seung Kin Lee, HKI"RJ
506; on Pseudoe-donia sinensis. I 3Jun 1996, Seung Kin Lee,
PIKER! 749. Yeongdeungpo-gu. on juniperus chinensis, 24
Apr 2000, Smug Kin Lee, !-ll<I"l?J 2014; Gwanak-gii, on
Jo nlpei'OS clonensis, 5 Apr 2000. Sen ng Kiu Lee, HKERI 491;

Nowon-gu, on juniperus chinensis, 4 May 2000, Seung Kvu
Lee, PIKER! 1782; on i'seudocvdonia sinensis, 6 Jun 1999,
Kiwi ng I-lee Kim. HAIR! 753; on Pseudoridonia Sli ensis, 2
Jul 2001, Hie Young You, lIKE/If 2028: on Pirus ussuriensis,
2Ju1 2001, i-Ire Young You, lIKE/Il 2036.

Remarks. I Iiiatsuka ci a! (1992) and Kern (1973)
described the aecia as foliicolous and the telia as
foliicolous or on twigs. However Specimens of aecia
and telia in Korea were found on green stems thus this
species also is considered caitlicolous. Newly observed
telia characteristics include the conical shape on
witches' broom and aggregated, bluntly conical i.elia
on green stems (You ci al 2005). (;yrnnospomangium
a.slatcum. has been confused with C. unicurne de-
scribed below;below; reports of C. asia//co in on Cra/aegus
(Chung et al 1977, Korean Soc Plant Prot 1986) most
likely refer to C. u n/come.

The type specimens of the s ynonymous names of C.
asia/u-u in listed by Kern (1973) were examined to
determine whether they could serve as the epithet for
the newl y recognized segregate species. Each name is
detailed below.

(;'mnimo.cpom-cimi , simmm lmamneanum Svd. & P. Svcl., Ann.
Mical. 10:405, 1912. Lectoivptis (hic designatus):
JAPAN. MINO: Kawanve-Mura, on JuniJ.memns clunensis,
3 Oct 1912, K. Haia BPI 119480 determined to be G.
asia/u-urn.

The type Collection of Girn nospora ngu in haraea-
nu in was distributed in Svclow's Fungi Exotici Ex-
siccati 16. One of these at BPI was examined and is
designated here to serve as the leciotvpe for this
name. This specimen along with two other specimens
labeled G. haraean urn, one of which is probabl y front
the same collection, were determined to he C.
asias(icum based primarily on the telia spore size
and the aggregated, bluntly conical, foliicolous Lelia.

Additional specimens examined: JAPAN. MINO: Kawa-
nyc-Msira, on juumpemu.s chinensis, K. Ham, BPI 119175;
TOKYO: lnokashira Park. on Junipemus c/,iuensis, 29 Apr
1953, lIima(suka 71, BPI 119478.

G''mnnospomangiuni elminense Long, j. Age. Research.
1:354, 1914. Lectorypus (hic riesignatus): USA. CON-
NECTICUT: on Jo niperus ch.i.nensis, 28 Mar 1911, 1'.
Spaulding, BPI 119487 (labeled 'Iiamaean?m') deter-
mined to be C. asia/len in..

Gimno.spoi'angiurn e/unense was described from
collections intercepted in Connecticut, USA. Eight
specimens matching the pi'oiolcg were found (BPI

2028). C—I. Gvmnos/xnangiumn clavaruformne. G. Telia on J. migida (HKFRI 2081)). H. Teliospores (IIKFRI 2(18(1). I. Surface
structures of peridia cells on Cmlaegns pinnalijida by SEM (HKFRI 075). J—K. Gvmnosporangimim sabinae. J . lelia oil J.
chinensis cv. kaizuka (HKFRJ 2104). K. Teliospores onj c/minenci.c h 1.M (l-lKl"Rl 2104). L. (;iimimimpoi-angiuiim faponicum, telia
on J. chinermsi.c (FIKFRI 1988). Bars: C = 30 Jul. F = 5 pill, 11 = 50 mm, I = 10 uln, K = 20 pm.
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119472, BPI 119474, BPI 119487, BPI 119750, BPI
119745, BPI 854938, BPI 854937 and 1W! 856627). One
of these contained it 	 with a typed description for

Gmnospomngiuni chirrensis 11. SI). '' and a label for
Gvmnasporangium chinen.cis n. sp.'' This specimen is

selected to serve as the lectotype because it most likely
was used in the original circumscription of G. chinense.
Based on the examination of the lectotype and
authentic additional material, C. chinense is confirmed
as a synonym of C. asia/icurn.

Additional specimens examined: USA. CONNECTI-
CUT: Elm Cit. near Westville, on Juniperus chinenvis,
28 Mar 1911, G.P. Clin/on. BPI 856627 (labeled haraea-
nurn) Westville. Elm City Nntserv, on /uniperus rhinensis,
28 Mar 1911, CJ'. Clinton, BPI 119472 (labeled haraea-
aiim); Westville. Elm Citv Nutisen'. on Juniperus rJ,inensi.c.
28 Mar 191 1.  C.!'. C/in/ni,. P,Pl 119171 (labeled /,araea
nuni)

The remaining specimens contained onl y ( . y niuio-
sorangiumjapontcuin and are listed below under that
species.

Gymnosporangium horeaense (Henn.) 11.8. Jacks., J.
A. Research 5:1006, 1916.
= Roestelia koreansis Henn., 0. %'athuro; Monsunia 1:5.

1899. Lectotypus (hic designatus): KOREA: on Pinus
sp.. 0. Warbnrg, BPI 856647.

Gymnosporangium koreaense was given as a new
combination for Roesteha koreansis Henn. This must
be treated as it new combination based on the
anamorph type because it lacks -a diagnosis and
thereftre does not meet the requirements for valid
publication of a new species, under ICBN Article 59.
Thus the type of C. koreaense is the same as that of R.
koreansis. Part of ihe type specimen of R. koreansis was
examined and is designated the lectotype. An
additional portion exists at NY. This lectotype
specimen as well as the material cited in Jackson
(1916) represents C. as,aticum.

Additional specimens examined: USA. OREGON: MnIt-
noniah County, Portland, on Juniperns c/zinerisis, 29 MAR
1915, H. S. Jackson, BPI 119479; on Jnniperus ehinensis, 29
MAR 1915, H..S. Jackson. BPI 119485; on juniperus ehinrusis,
29 MAR 1915, IfS. Jackson, BPI 856635; on Prus
ussuriencis, II Jnn 1914, H.S. Jackson, BPI 121785; on 1`1rus

ç pjo 11 Jun 1914, /1.8. Jackson, BPI 121786.
Gym nospomngiuiui sjnn.',frrurn Syd. & P. SvcI., Ann.

Mycol. 10:78, 1912. Type specimen examined: JAPAN:
()it 	 ohionga, 20 Jun 1901, K. Sakurai, BPI
112834.

(vn?nosporai-iI1m spin/fera ni was described fiom its
aecia state and can be applied only its an anamorph.
Because duplicates of type material exist one of these
herein is designated as the lectotvpe. Based on the
examination of the lectotype and additional material,
C. spir rum is confirmed as a synon ym of C.
asiaficii in.

(vmnosporangiuin clavarii/onne (Pers.) DC. in La-
marck & de Canclolle, Fl. franc., Ed 3 (Paris) 2:217,
1805. FiG. 5
= 7'rpmella (iavarilJ0011is Pers. 1801.
Aecia foliicolous, hypophyllc)ns, fructicolous, and

caulicolous, in small groups on leaf blades, in larger
groups on veins, petioles and on swellings of twigs,
and occupying part or all of surface on fruits.
Peridium tubular, soon becoming lacerate to base,
erect or spreading, 0.5-1.8 mm high; periclial cell
long, narrow, 83-125 urn, outer walls smooth, inner
walls and side walls sparsely echinulate; aeciospores
globose, echinulate, 22-32 X 19-28 p.m, wall light
brown, 1.8-3.2 tim.

Telia caulicolous, on long fusiforrn swellings,
orange or brown, 2-10 mm high; teliospores 2-celled,
narrowly fusifi)rm, 38-99 X 13-23 pin, pale orange,
1.4-2.3 pin; pores 2 near septum.

Disease. European hawthorn rust.
Hosts in Korea. 0, 1; Crataegus pinnalifida Buinge.

III: juniperus rigida Sieb. & Zucc.
Distribution. Relatively common in temperate re-

gions, especially in Europe and North America, but
also known from northern Africa (Morocco), the
Middle East (Iraq), Nepal, Pakistan, New Zealand, and
previously hut infrequently reported from China,
Japan and Korea. In Korea C. ciavariiforme was
uncommon, found only in jeonhiik and Seoul
provinces (Fi(; 1).

.S/u'ciinens examined. CANADA. BRITISH COLUMBIA:
on CraIaegusrhipidoph,/ia, 23 Aug 1949, DAOM 23364; on
Crataegus rhi/.Iiiloph ):ila, Aug 1939, DAO1VI 5931. KOREA.

JEONBUK: Mujui-gun, on Craiaegus pinnatifida, 2 Sep 1999,
.Seiing Kvu Lee, HAFRI 308. SEOUL: Dongdaemun-gu, on
Crataegus pin na/i/u/a, 18 Jun 1985, .Senng Ku Lee, 11K/RI
873; II Aug 1999, H'e Young Yun, HKIRJ 2052; 6 Aug
1986, Seung Kyn Lee, HKIRJ 1075; Yeongdeungpo-gn, on

Juniperus rigia'a, 10 Apr 2002, 1!e Young Yu n, I/K/if 2080.
SWEDEN. on Janiperus communis, Mar 1936, HKFI?I
8411.

Remarks. Chung (1977) had listed Crataegns /)i1iu(i-
ti/ida var. psiloda as an aecia host of (>'mnosporangi urn
ciavariiforme. In the present study C. pinna(iJida is
added as an aecia host of this fungus in Korea.

G'mnosporangu in gloho,sum (Farl.) Fan., Rot. GaL.
11:239, 1886.	 FiG. 6
= Cvinnosporaigium fuseum var. giobosum Fitt-I. 1880.
Aecia foliicolous, mainly hypophyllous, 2-4 mm

high; pericliuiii cylindrical, splitting above and be-
coming lacerate, more or less erect after dehiscence;
peridial cells linear rhomboidal, 60-90 pin long,
inner and side walls 3-4 p m thick, outer walls smooth,
inner walls small papillae and side walls rugose;
aeciospores globose or broadly ellipsoid, small COFO-
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nate, 19-27 X 16-2() pm, wall 1.8-2 p.m thick, pale
chestnut brown.

Disease. American hawthorn rust.
lbs/s in Korea. 0, I: Craiaegus pinnati/ida Bunge,

Crataegus pinitatifida var. major N.E. Br.
DisOiliution. Common in North America on Cratae-

gu.s also known on Ame1aneIuie Ma/us, Ptrus and
Sorlius as well as juniperu.c, recently reported from
Korea on Grataee'us (Yun et al 2008).

.Specinens exarnned. CANADA. ONTARIO: on Craiw'-
pis bruneluina, 10 Sep 1975, DJ 1IOM 151699 OTTAWA: 01)
Cralaegus pediceliata, 8 Sep 1952, DAOM 34124. KOREA.
CHUNGBUK: Boeun-gun, on Cra/aegus pin nat.iJida var.
maJor. 24 Jun 1985, Kvouiug Flee Kim, HKFRI 310.
GYECNGGI: Pocheon-gun, on (:ratw-uis pinnatijuin. 8 jut!
1999, Seung Kvu Lee, RM'RJ 304; Osait, on (]mtaeguc
pinnalUida, 19 Jun 1986, 5eiung Kva Lee, HATPJ 1074. USA.
VERMONT: on (]rataep,vs coccinea, 28 Sep 1897, BPI
119014. OHIO: 16 Aug 1902, F.D. Kelsei, BPI 119042.

Remarks. Gtmnospora ugi urn g/obo.su m first was re-
ported from Korea on the aecia hosts Cia/argus

Jnnnatzfida and C. pinnati/ida var. major by Yun et al
(2008).

Gvninosporangiumjaponicuni Shirai, Hedwigia 38:141,
1899.	 Ftc. 6
Aecia foliicolous and caulicolous, hvpophvllous, 2-

5 mm high. Peridium dehiscent at apex, retaining
somewhat tubular shape; peridial cells linear rhom-
boid, 62-117 pm long, outer walls smooth, inner and
side walls sparsely echinulate; aeciosporeS gIOl)OSe,
20-26 N 16-21 p.m, walls dark yellow, 1.1-2.8 pm
thick, small coronatc.

Telia caulicolous, on wood y stems, branches and
trunks, irregularly wedge-shaped, 3-6 mm high,
brownish orange; teliospores 2-celled or rarely 3-
celled, ellipsoid to long-ellipsoid, 36-70 N 13-22 pm,
walls pale orange to orange, rarely light brown, 1.0-
2.7 pm thick, usually pores 1 or 2 near septum.

Disease. Asian juniper trunk rust.
Flosts in Korea. 0, I: Piwlinia viliosa (Thunb.) DC.,

P. villo.sa var. /irunnea Nakai. III: Juniperus chinensis L.,

f. chinensis var. horizon ta/is Nakai; J. chinensis var.
salgen lii A. Henry,]. c/unen.sis var. giabosa Hornibr.

Distribution. Asia (China, Japan, Korea and Taiwan)
and USA (rarely reported, then l)r111Iril' on newly
imported nursery stock).

Specimens examined. CHINA. oil l'hol,oui parvi/olea. 26
Jun 1932, HVL4S 11147. JAPAN. TOFFORI: on Pliotinia.
Iaevis var. nil/nra, 22 Jun 1934, SAPA 14; 21 Jun 1934, SAPi%
5. KOREA: GANUWON: (;angneung, on Juniperus (hi/len-
sis, 9 Apr 1988, Seung Kio Lee, JIKFRJ 504. GE0NGBUK:
(;vcongju, on junperus (Jli?leflSiS var. Sn/genii. 12 Apr 2002,

Krouni Flee K/rn, HKl"RJ 1991. (;YEONGGI: Suwon. on
Jo niperu.s chinen.sis, 31 Mar 2002. l+e Young Vu n, IIKI'RI
1989,	 juniperus c/ui ensis, 13 Apr 2001, IIte Young Van,

JJKJPJ 1992; 20 Apr 2001, l-l'1 e Young Van. !-IKFRI 2070
on /u niperus chinenris var. liorizontalis, 20 Apr 2001,
Young Vun, HKI'lU 2020. JF.JU: .frjtm-si, (ii) PhOli/Ilt(l nil/nsa
var. lirunnea, 29 Aug 2001, I-Fcc Young Von, HKFRI 209O
HKFRI 2091; HKJ"RI 2093: on I'hoiinia villosa. 13 Jill 1999,
.Seung Ku Lee, HK/"RJ 694; on Pho/r,a vu/nsa, 29 Jul 1999,
Seung Ku Lee, 1-IKI'RI 695; on Photinia vu/nsa, 29 Aug
2001, FJe Young Ynn, IIKFRJ 142: HKFRI 144; HKI'Rl 145;
IJATRJ 147 on Phoiinia villosa, 29 Aug 2001, I-Fcc Young
Van, 1IKJ'RJ 148; on Photinia villosa, 23 Aug 2001,
Young Van, IIKFRI 2054; on Juniperus chinensis var.
sargentii, 19 Apr 2001, .S'eung Kpi Lee, HKI'RJ 201 on
Juinipenus chinen.sis var. sargent?. 9 Apr 2002. Rye Young,
Von, 1IKFRJ 1990, HIGRJ 1994; 19 Apr 2002, Sri/ag Kyu
Lee. 1-1K/RI 1996; on Juniperiis chinensis var. globosa, 9 Apr
2002, Swag Kyu Lee, IIKEI1I 1997; on Juniperus cluinensis
var. horizontabs, 9 Apr 2001, Seung Ky,, Lee, HK/'hJ 1993:
oil Juniperus chinensis var. horizoi ta/is, 19 Apr 2002. .S'eung
Kyu Lee, 1-f KERI 1995; on /unlperus chinensic, 9 Apr 2002,
Seung Kyn. Lee, HKFRI 1987; 19 Apr 2001, Seung K''u Lee,
11K/RI 2021. SEOUL, Dongciaeniuui-git. on Junipeniis
chinenris. 19 Apr 2002, I-lye Young Van, HKPRJ 1988; on
JunIper/is ch,oensrr, 16 Apr 2000, Seung Kyu Lee, HKFRJ
1784; on Phoiinia villosa, 20 Jun 2001. Rye Young Ian,
HKFRI 2055 (result of teliospore inoculation of C.
japol/icum: HK/'RJ 2019). on Pliotinia nil/nra. 20 Jun
2001, JJye Young Yin, H1SFRJ 2056 (result of teliospore
inoculation of(;. japonicum: 11K11U 202(J, Yun et al 2005).
USA. CONNECTICUT: Westville, on /uniperus ch/nens/.s, 28
Mar 1911, P. Spaulding, BPI 119750; Westville, near Elm
City , ( Ill Jonipeois c/iinensus, 28 Mar 1911, G.P. Cl.'nlnn, BPI
119745 (most of tins specimen was C. japonicu m, although
G. asia/iran was also present); Westville, Elm City Nursery,
on ju niperus chinensis, 28 Mar 1911,  G.P. Clinton, LW!
854938; Westville, Elm City Nursery, on Juoiperurs c/one/Isis,
28 Mar 1911, G.P. Clinton. BPI 854937; WASHINGTON: on
Jnniperus Si) .3 May 1915, G. 11. Lyman, BPI 119741.

Remarks. C'cinnosporangiu rn japonaum occurs pri-
manl y in Japan and only recently was reported from
Korea (Yun ci al 2003). Six host species of C.
japofli"urn were reported for the first time in Korea
by Yun ci al (2003), namely Photinia vi/loca and I'.
villosa var. lnvnnea as aecia hosts and Juniperti,s

elminen cbs, f chinensis var. horizon/a/is, f c/ti nensis var.
sargeJt/ii and ,/. chinensis var. g/obo.ca as telia hosts. In
Korea these two host species usuall y grow in separate
locations and thus the heteroecious hosts for this
fungus are normally disjunct.

Gymnosporangium monticola H.Y. Yuri sp. nov. Fiu. 6
MycoBatik MB 512678

L'tymo/ogv. Refers to mottntains where this species
occurs.

Sperimu gon in cI aecia !il in ,la. ci foruasse fruticola,
1oestelioidla. Penirliumu cornutum, 0.5-2.5 nun aitnmii: cellu-
lae peridii rouundatae rhomboides. 48-101 pm longae.
Acciosporae globosae, 18-28 X 17-27 p.m, minuute corona-
time. lelia caulicola, tumorcs irrcgulariuer hisifornies in
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FR;. 6. Macroscopic and microscopic features of Gvm?tnspomng/um)a/5onidun, C. globo.su 	 um. C. ,onluofa, C. n(105-avis, C.
unicorne and C. yainudae. A. Cviinopwangium Japonidum, artificially induced aecia on /ho/inia vu/nyu (HKFRI 2054). B—C.

mCriiimspuraium nuikola. B. Artificially induced sperniogonia on Sot/ms ulniJblia (HKFRI 2053). C. Teliospores b y LM
(1-INFRI 2018). D—E. Gym osporan7um n,dus-uvi. 1). Telia on Juniperizs (h?flenSiS CV. kaizuka (vitclies broom) (I IKFRI 2103).
F. Teliospores b y LM (HKFRI 2103). F—C. Gymnospomngium unicorne. F. Tclia on e/Iinen.sis sac. sargentil (1 IKFR1 1973). G.
Teliospores by LM (HKFR! 1973). H—I.. Gymnospoinniuni yamadac. H. Telia on J. e/tinensis (big gal!, sori tongue-shape)
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Faints parvulis lascientia, applanata vel puivinata; telios-
porac 2(-3)-ccllulares, late eilipsoicleac.36—C3 X 16-29 pm.

HOLOTYPE: KOREA. (;YE0NGC;l: Gwacheon,
telial stage oil rigda, 10 Apr, 2001, I-lie
Young Von, HKFRI 2018.

Spermogonia and aecia foliicolous, fructicolous,
roestelioid, causing some hypertrophy. Peuidium
cornuted, rupturing at apex, becoming lacerate l)Ut
retaining tubular frin, 0.5-2.5 mm high; peridia cells
rounded rhomboidal, 48-101 pm long, outer cell
smooth, side cells moderately rugose, inner cell small
papillae; aeciosporesglohose, 18-28 X 17-27 pm, walls
yellow-brown, 1.3-2.5 pill thick, minutely coronate.

Telia caulicolous, hrming irregularl y fusiform
swellings of smaller branches, applanate or pulvinate,
dark brown, 10-60 mm X 10-12 mm, covering
branch; teliospores 2-celled, rarel y 3-celled, broadly
ellipsoid, 36-63 X 16-29 pm, walls orange, regularly
thin-walled, 1.4-2.8 pm thick, 1-2 pores near Septum
or 1 apical in upper cell and covered ellipsoid with
hyaline papillae.

Disease. Mountain juniper rust.
Hosts in Korea. 0, I: S'urlius aim/n/ia (Siebold &

Zucc:.) K. Koch I II: Juniperus rigida Siehold & Zucc.
Distribution. Known from four localities in Korea.
Additional spectmens examined. KOREA. CHLNC;BLK:

Buctmn-gun. oil ainmfoha, 15Ju1 1999, Seung Kin Lee,
HKFR 1 931. (WE0N(;(;I: Gisacheoti, on Junipents rigida,
10 Apr 2001, 1-lie Young Von, HKFRJ 2018; 6 Apr 2000,
Senn,g Kyu Lee, HKFRI 1794; oil rmgida, 15 Apr
2000, Seung Kin lee, flAT/Il 1792-, 22 Apr 2000, Seung Kin
Lee, JIKFRJ 1793; 22 Apr 2000, Seung Kin Lee, IIKFRJ
1788; on Juniperus rigida, 3 May 2001, i-lie Young You,
HKI"RI 1985; 28 Mar 2002. lle Young You, HKFRJ 1984.
SEOUL: Gwanak-gii, oil aini/oba, 8 Jul 2000, Hir
Young Vun, IJKFI?l 2071; on Junipenis rigida, 5 Ma y 2000,
Seung Kvu Lee, HKFRJ 517; Kioung Hee Kim, HKFRJ 518;
HKI1J 51 HAFRJ 520 Nowon-gu. on Sue/ins a/ni/u/ia, 20
Jun 1998, Seung Kiu 1.ee, HKJRJ 928; HKFRJ 935; 20Jttn
2000, 1-lie Young Yun, HKIRI 2053 (result of teliospore
inoculation of G. montko/a: IIKI"RJ 2018; Yttn ci al 2005).

Remarks. (,vmno.sporangium monlieo/a initially was
reported as Gimnosporangiwn cornutu m (Yin et al
2003) because of the similarity in host range, surface
structure of aeciospores and peridial cells, and
number of pores in the tcliospores. However the sizes
of aecia and peridial cells of G. ntonticola are smaller
than those of C. cornuturn (Kern 1973, Hiratsuka et al
1992). The aecia of C. monlicola are 0.5-2.5 mm high,
while those of C. cornutuni are 3-5 nitti high. In

addition the teliospores of G. monticola have 2, rarely 3
cells, and are longer than those of C. cornuturn. The
aecia and telia hosts of G. monticola are found in
mountainous areas. The tclia host of C. cornutum is

Juniperus com-munis and its varieties, while G.
monticola occurs oil J. rigida. The aecia host, Sor&us

a/n ifolia, is native to Korea in the mountains at 100-
1300 m elevation. Similarl y the telia host, Ju-niperu.s

rigida, occurs at 40-1100 m. Finally results of the
molecular sequence analysis demonstrate that the
Korean specimens originally identified as C. cornu-

turn are distinct froni those in Germany and Japan
thus the Korean specimens are described as a new
species. Trite 0_ cornutum is not known to occur in
Korea.

Several other species of Gb mnosporangium with
roestelioid aecia on Sorbus could be confused with G.
monticola. These include Cimno.corangium ciavaru-
for-me, G. claviceps, C. g/obosu in. G. miiabei, G.
toriillnaiz-jnniper?nuin. C. tremelloides and 0. forbes/u-

nicorn. All but C. giobn.cirn, G. torrninali-j-unperinunz

and C. trerneiloides differ in the lack of rugose
ornamentation oil peridia cell walls. Although
the aecia of 0. g/obo.sum occur on Sorbus, the telia host
infects species in Juniperus section Sabina. Gimno

-sporang7um. for-mm a/i-j-u niperinurn has aecia 2-5 mm
high. Ioliicolous telia and lacks 3-celled teliospores
unlike C. mon/icola. Among species that occur on
Juniperus section Oxycedrus, C. confusum differs from
C. monticola iii tclia shape and size while G.
treme/loides has larger aeciospores than G. monticola.

Although morphologically similar, G. corn u/urn and
C. monticola are not phylogenetically closely related.
The two isolates of C. cornu/um that were sequenced
from Japan and German y grouped together but were
distant from sequences of C. mon(icola.

(;yrnwspoiimrm,giurn -nidus-avis Thaxt., Conn. Agr. Exp.
Sta. Bull. 107:6 (1891).	 FIG. 6
= Gimnosporangiu m j-mmvenewens F. Kern (1911).
Telia usually caulicolous, rarely folucolous, hemi-

spherical oil 	 broom, puh'iimate, oil
swellings of woody stems, 2-5 mm high, brownish
orange; t.eliospores 2-celled, ellipsoid or ovoid, 41.0-
55.5 X 18.0-26.5 ttin, wall 1-2.5 pin, pale brown,
known as orange peel based on Kornerup and
Wanscher (1978). pores 2 septum and rarely 1 apical
in upper cell.

4-

(HKFRJ 2001). I. Telia on J. chinencis cv. kaizuka (small gall, sori cylindric-acuniinate) (HKFRI 2006). j. Artificial aecia on
Mains foringo (HKFRI 2069). K. Teliospores (HKFRI 2001). L. Surface structures of the aeciospores on M. pnmniJidza (HKFRI
2063). Bars: C = 30 pitt. F = 20 jim, C = 30 .ini, K = 30 jim, L = 1 jim.
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Disease. Juniper broom rust.
Hosts in Korea. Jurilperus chenensis L.
1)istrilmtion. Temperate North America, also rarely

in Asia (China, Korea).
Specimens examined. KOREA. CHUNGBUK: Boeun, on

Juniperus rhinensis, 25 Apr 2005, i-Ire Young Yun, HATRJ
2103. SEOUL: teongdeungpo-gu. on J. chineuns, IS Apr
2005, f-Ire Young Yun, lit KERI 2101; HKFRJ 2102.

Remarks. Gv mnosporangium nut us-avts was found in
Seoul and Chunghuk provinces and is a newly reported
species in Korea. This fungus previously was reported
only in northeastern China (Wang and Lin 1985).

(ymnosporangiu in sahinac (Dicks.) G. Winter, Raben-
horst's Krvptogamen-Flora, l'ilzc-Schizornyceten,
Saccharomvceten uncl Basidiornyceten 1(1) :232,
1881. FIG. 5
= Tremeila so/n na'e Dicks. 1785.
[Grmnospo;-angiuni juseum DC, 1805, nom. illeg.)
= Puccinia juniperi Pers. : Pers. 1794.
Telia caulicolous, fusiforin swellings, conical or

tongue-shaped, variable, 4-7 mm high, brownish
orange; teliospores 2-celled, brownish orange. 38-
51.5 X 18.5-23 pm, walls 1.5-2 jim thick,

Disease. European pear rust, pear trellis lust.
Hosts in Korea. Juniperus chinen.sis L.
/)islrifiu(ion. This fungus is widespread in Europe

and extends to Asia (China, Korea) and northern Africa
(Algeria, Morocco). Also introduced into North Amer-
ica (Canada and USA) (1.aundon 19771), CMI 1989).

"peciPnens examined. KOREA. GYEON(;NAM: Geo-
(hang, oil 	 c/linensis, 11 May 2006. f-Ire Young
I on. HAT!?! 2104. USA. CALIFORNIA: oil
chinensis, 26 Feb 1961, C. G. Weigle. BPI 118494.

Remarks. Gin nosporangi u rn sabinae is reported
herein as new to Korea, known only in Gyeongnain
Province. This fungus was reported in China b y Wang
111(1 liii (1985): it i, ii0t known ill Japan.

Gvrnnosporangiuni unicornc 11N. \llIl sp. nov. FR,.

M\coBallk MB 512679
EIr'rnoiogv. Refers to the single horn-shaped telia.
- \ecia I oh Cl la, 1-7.2 mm alta, corn ma: peliltiulli apiccnl

(15115 leviter clecrcscetis: cellulae peridii ihoinhoidcs, rugo-
.tc l)apillis irregulariter obttisis. 32.5-80.5 pm lotigac. Accios-

inegitlat-iter vel regulanter globosae, 14.5-24 X 13-
23.5 pin, late coronatae. Telia (oh cola. non tunlores hiscien-
ha, solitana, heniisphacrii forma vet acute conica 0.8-2 mm
Ala: teliosporae 2-cellttlares, fusiformes, 31-47 >< 15-23 jim.

HOL()TYPE: KOREA. SEOUL: Dongdaemun-gu,
on Juniperus c/linens/s var. giobosa, 12 Apr, 2001,  I-Ire
Young Yun, JIKFRJ 1972.

Aecia foliicolous, 1-7 mm high, cornute; pericliiiiii
narrowing slightl y toward apex. Peridial cells rhom-
boid, rugose with irregtilar blunt papillac. 32.5—

80.5 pill long, pile yellowish; outer walls smooth,
inner walls small papillate, and side walls moderately
rilgose; aeciospores irregularly shaped, globose or
globose, large coronate, 14.5-24 X 13-23.5 jim,
yellow to orange- chow 1.5-7.5 jim thick.

Telia foliicolous, not causing hypertrophy, solitary,
hemispherical to sharply conical 0.8-2 mm high;
brownish orange to red brown; tehiospores 2-celled,
Ilisilorm, 31-47 X 15-23 pm, I.:W = 2.0, walls 0.8-
2.5 pill thick, orange, pores I or 2 near septum or I
apical pore in upper cell.

Disease. Unicorn telia rust.
Hosts in Korea. 0, I oil pinnaui/ida Bungc,

(]haenomeies spec/nsa (Sweet) Nakai, Pse-udocdonia
sinensis (Thouin) C. K. Schneicl., P',-rusprri/blia (Burm.
f.) Nakai var. cu/la (Makino) Nakai, Prus ussu c/ens/s
Maxim. III oil 	 chinensis L. var. giobosa
Hornibr., Jun/penis clonensis var . saigenhil A. Henry.

Distribution. Korea (Chungnarn and Seoul provinc-
es).

Additional specimens examined. KOREA. CI IUNGNAM:
Clieonan, on Junzperus- c/linensis var. sargenti/, 12 Apr 20021
lie Young Yun, HKI'RI 1973. SEOUL: Dongdaeinitti-gu.
oil chinencis vat. giohosa, 11 Apr 2002, JJye Young
Yun, HKJ'Ri 1971: on  Orataegns pinnati/ida 1Ju1 2001, Ilye
Young inn, HKFRJ 2044; HK"Rl 2051 (Both of these
specimens are the result of tehiospore inoculation, You ci al
2005); on C/taenomeles speciosa I 4Jun 2001, 1-lie Young You,
fiKJ"RI 2042; HKERI 2043; IJJcTRI 2049, liKE/il 2050
(These specimens are the result of tchiospore inoculation,
You et at 2005): on Pseudocrdonia sinensis 2 Jul 2002. lIre
Young inn, IIATRI 2071 (This specimen is the result of
teliospore inoculation, Ytw et at 2005); on Ppus pvri,Th/ia
var. cu/ta. 17 Aug 2001, i-Ire hntrtg inn, 1-IKERI 2033:
f-lAiR! 2034; HAT/i'] 2035: IIKERJ 2038 IIKFR.J 2039,
HKI"RJ 2045; H/fRI 2046 (These specimens are the result
of teliospore inoculation, Yun et al 2005); on Pynis
ussnr,ensi.s, 2 Jul 2001, Hye Young i-un, 1-IKERI 2036;
HKJ"RI 2037; HK/"RJ 2040 Hf'2'RJ 2041; II KFR! 2047;
IIKERI 2048 (These specimens are the result of teliospore
inoculation, Yun et at 2005).

Remarks. Gyinnospoi-angium unicorneis related to C.
asiaticum; however these species cait be differentiated
by the telia shape, size of tehiospores, p'ridhial cells and
aeciospores. The telia of C. unicorne are unique in
being single, sharply conical or hemispherical. The
Lehiospores of C. it n/come are smaller and more
rounded, having a length-width ratio of 2.0, while
those of C. asicilicum tend to be longer and narrower
with a length-width ratio of 2.3. G'iinnosporangiuni
un/come occurs only on the needle-like and scale-like
leaves of juniperus growing low to the ground. The
molecular data presented here support the recogni-
tion of C. un/cm-ne as distinct from C. asiaticum.

The aecia stage of (vmiosporangiurn unicorne was
not found in nature; however rosaceous hosts
artificially inoculated with tc'liospores from the
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holotype specimen produced the aecia stage (Yuii et
al 2005 as G. asiaticurn GA-2 and GA-3). The aecia
hosts of C. uricorne are similar to those of G.
as/at/cu iii except only C. uucorne infects Crataeus
spp. Molecular sequence data from the telia holotype
specimen of 0. it ,ico,'ne matched sequence data from
isolates obtained from inoculation studies.

A number of synonyms of Gymnosporangium
(I'S/at/cum could serve as potential names for this
newly recognized species, according to Kern (1973).
These include G. haraeanum, G. ci inense. C. koreaence
and (;. spiniferum. Type specimens for each of these
epithets were examined as detailed under G.

asia/icum, and hone were determined (0 represent
the new species, C. unicorne.

(mnos/oraiiiitnz )'aniadae I\'Iiyahe ex U. Yaniada,
Shokubutse Byorigaku (Pt. Path) Tokyo Hakuhunk-
N an 37(9) :306, 1904.	 Fic. 6
= (;?nnosporangiuni rI,inensis S. Ito, illeg. later lion

nm]	
i-

ov
= Gym ?l0sj)orr11lgill??l  vainadar (Mivahe) F. Kern 191 11

Accia Iiliicolotis and caulicolous. hypophvllous. 2-
5 mm high. Perictium elongated, cornute, becoming
lacerate, remaining attached at apex, peridial cells
long-narrow rhomboid 63-102 tm long, verrucose
With long papillae, outer walls smooth, inner and side
walls sparsel y echinulate; aeciospores globose, 17-27
X 16-26 pm, walls dark yellow, 1.5-2.5 pm thick,
finely echinulate.

Felia foliicolous, or caulicoloims, on globose swell-
ings. small galls, son cylindrical-acuminate. 1-3 mm
diani, big gall, sorttongue-shaped, 5-9 mimi high or
higher, cadmium orange; teliospores 2-celled, ellip-
soid or obovoid, 31-56 X 15-28 pm, walls 1.0-2.7 pm,
pale orange to orange, pores 2 near septum or I
apical in upper cell, frequentl y with an obtuse hyaline
papilla at apex.

Disease. Japanese apple rust.
Hosts in Korea. 0, 1: IVialus bacca/a (L.) Borkh.,

Mains loringo (Siebold) Siebold ex de Vriese, M.

/.n'uni,Thiia (\Villd.) Borkh. III: Ju rupe?'us cizinensis 1
chinensis L. cv. kaizuka

Distribution. China, Japan and Korea.
Specimens examined. CHINA. on iVialus X as/a/ira. 5 Sep

1984, HA/AS 55353; on Mains X asiatira, 27 Aug 1947,
I-IA/lA 17707: HEBEI: on Mains X asia/ira. 17 Aug 1984,
f.m (,'no. 1311 199111; on ,Vlaius puniia, 2 Aug 1979, HM,4S
38650 HA/AS 22181. KOREA. CHUNGEUK: Boemmn-gun,
on iilaius prnni/o/ia, F-) Jul 199.Senng Kyle Lee, I-IKE!?]
1028: Muju-gun, on Junipeois ci,inensis, 30 Apr 2000,
Kvoung Her Kim, HKJ"Rl 2025. CHUNGNAM: Gongju, on
Ma/us /nuni/in'ia. 12 . 11.11 1999, Seung Kin Lee, lIKE//I 1027.
GANC WON: Cliuncimeon, on Mains pruni/otia, 23 jul 1999,
Senng K,u Lee, 1-1K/RI 1029. (;YEONGBUK: Anclong, on
Juniperns chinensis, 13 Apr 2000, .Senng Kin Lee, HKFJ?J

1798: 20 Apr 2000, Seung Kyn Lee, HKI-R1 487; Yeongdeok-
gull, on Juniperus (]unens/s.14 Apr 2100, Seui/g Kyn Lee,
IIKI"IlJ 482. GYEONGGI: Bucheon, on Junipertis chinensis
cv. kaizuka, 8 Apr 2002, 1-lie Young Yun, HKI"I?l 2006: 19
Apr 2001. 1-lye Young Ynn, lIKE!-?] 2007: Buk-gu, (;wangju,
on Ma/u.s /n'u ni/()iia, 16 Aug 2001, lJye Young Fun, HK/"Rl
2067, 1-1K/RI 2068: Gwacheon, on /un/erus dnnensis. 15
Apr 2000, Seung Kyn Lee, HKERI 507: on /iui/JefllS
chinensis, 15 Apr 2000, Seung Kyu Lee, HKI'RJ 499 Osan,
(/n Mains /n'uni/iilio, 25 Aug 1999, Kvoung flee Kin?. IlK/RI

1032; 25 Aug 1999, Kioung Her Kim, IIKI'RI 1034:
Pocheon-gun, On Juniperns chinensis, 4 Apr 2000, IIK/"l?I

492: on Ala/us /nu ni/u/la, 8 Jul 1999, Smug Kin Lee, HK/"RI
1144; (lU Ala/us Juil iiifoiia, 6 Aug 1999 Sen umg Kin Lee,
IIKJ-Rl 103O Suwon, Oh) Mains pmuniju/za, 18 Aug 2001, H'ce
Young Yin, HAl/RI 2058, HKI'JJ 209 on Mains
pu n//u//a. 12 Jul 2001, 1-lye Young Fun, HK/'Rf 2063; on
A la/u.s prme ui/u/ia. I Sep 2001,  HT(, Young Inn. HKERI 206
on Ma/us pr/mi/u//a. 28 Aug 2001, Rye Young Yun, lIKE/il
2061: 28 Jul 2001, 1 IKE/il 2065; on Jun/perils iiinmnsi.s, 11)
Apr 2000, Smug Kvn Lee, IlK!']?] 463; IIKI"RI 464; on
/unipenus lilil/en'is. 10 Apr 2000, IJye )u/iiug I/In, HAIR!
2027; on Ma/nv /,acca/a, 1 Aug 1996, Sen ng kyu Lee. flFJ"J/i
6R!, on Ala/us ioringa. 3 Aug 1998, .S'eung Kyle 11K1R1
617. JEONBL'K: jeomijum, (Ill Juniper/Is (il/flenSiS, 20 Apr
2000, [lye Young, nnI, HKFRI 2024; on Juniper/Is ch,nen.cis,
30 Apr 2000, Kvoung flee Kim, lIKE//I 2026 JEONNAM:
Gangjin-gimu, on Ala/us pin ,i/o/,a, 18 Aug 2001, f-lye young
You. IIKERI 2062. SEOIIL: l)omigdacmun-gim, on Ala/us

pmuni/biia. 9 Aug 2001, [lye Young Yun, IlK/il 2064;
11KIRI 2066: on Ala/mis 10171/go, 281umn 1999, Se/lug Kyle
IIKERI 6/6: on /uniperus c//mends, 24 Apr 2000, .S'eung Kin
Let,, 11K/RI 496; Gsvanak-gvm. on Ju li/perils rhininsis, 5 Ma
2000, I-lye Young Yun, IIKIRI 438: Nowon-gu, on Juniper/is
iluneus is, 4 May 2000, l!ye You n.g Inn, 11K1"RT 435;
Yeoiigdeumngpo-gu. oii Juniperu.s (/lilli'l/Sis. 12 Apr 2001,
Rye Young I'll n, 1/K/i I 88 IIKJ'Jl 2022: IIKERJ 2023; on
Jmll/i/.?r'rus c/iinensis. Ti Apr 2002, H',e Young Ijun, 1lK/"RJ
2001: on Ma/us baccala, 2 Aug 2001, Rye Young I'tin,
I/KIll 2057. on Ala/its loringo, 61u1 2001, 1-lye Young Ynn,
HAT//I 2069, HKl"RI 2070 (result of ieliosporc inoculation
of G. yamadac IlK/RI 88: Yun et al 2005).

Remarks. One new aecia host of C. yaunadae, namely

Maiu.r prunifolia, is reported here for the first time.
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